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Introduction 

Zander  and  Glass  studied  the  use  of  calcium  hydrox- 
ide on  exposed  pulps  and  observed  the  formation  of  a  new 
odontoblastic  layer  and  dentin  bridge  (1).  Despite  unpredict- 
able outcomes,  this  publication  evoked  an  interest  in  the 
pulp's  ability  to  repair  (2).  Considerable  progress  has  been 
made  regarding  knowledge  of  the  dental  pulp,  the  pulp's  re- 
sponse to  caries  and  novel  biomaterials  (3).  The  aim  of  this 
clinical  update  is  to  make  recommendations  for  pulp  capping 
procedures  based  on  contemporary  scientific  evidence. 

Pulp-Dentin  Response  to  Noxious  Stimuli 

Kakehashi,  Stanley  and  Fitzgerald  made  it  common 
knowledge  that  microorganisms  in  the  pulp  are  responsible 
for  pulpal  disease  (4).  Pulp  and  dentin  comprise  an  intimate 
complex  in  which  bacterial  contamination  of  the  dentin  di- 
rectly affects  the  pulp.  Even  a  mild  carious  invasion  incurs  a 
pulpal  reaction.  Heahng  occurs  if  the  etiology  is  removed 
early  (5). 

Odontoblasts  are  located  at  the  pulp-predentin  bor- 
der, and  are  responsible  for  dentin  deposition.  In  response  to 
noxious  stimuli,  they  form  tertiary  dentin  to  protect  the  pulp. 
If  bacteria  from  a  carious  lesion  penetrate  the  tertiary  dentin 
and  contaminate  the  pulp,  an  irreversible  disease  process  may 
ensue,  necessitating  endodontic  treatment  (6). 

The  initial  pulp  response  is  reversible  if  the  noxious 
stimulus  does  not  overcome  the  pulp's  capacity  to  heal. 
There  is  a  correlation  between  the  irregularity  of  the  tertiary 
dentin  and  the  rate  of  lesion  progression.  The  tertiary  dentin 
associated  with  rapidly  progressing  lesions  is  more  irregular, 
allowing  bacterial  invasion  of  the  pulp  (7). 

Recent  discoveries  also  specify  the  importance  of  an 
inflammatory  response  as  a  requisite  for  pulpal  repair  (8).  In 
response  to  noxious  stimuli,  pulpal  fibroblasts  produce  and 
release  inflammatory  mediators  responsible  for  collagen  syn- 
thesis and  deposition  critical  for  repair  (9). 

Pulp  Capping  Materials 

The  most  common  pulp  capping  material  is  calcium 
hydroxide.  It  is  thought  to  induce  an  inflammatory  reaction 
resulting  in  necrosis  of  superficial  pulpal  tissue  due  to  its  al- 
kalinity. It  is  the  underlying  surviving  pulpal  tissue  that  ac- 
tually forms  a  hard  tissue  barrier  and  triggers  repair  (9). 

Mineral  trioxide  aggregate  (MTA)  consists  of  trical- 
cium  silicate,  dicalcium  silicate,  tricalcium  aluminate,  and 
tetracalcium  aluminoferrite,  which  form  a  silicate  hydrate  gel 
when  mixed  with  water.  The  application  of  MTA  on  an  ex- 
posed pulp  also  results  in  the  formation  of  a  hard  tissue  bar- 


rier (10),  possibly  because  calcium  hydroxide  is  a  soluble 
component  of  MTA  (11). 

When  compared  with  calcium  hydroxide,  direct  pulp 
caps  using  MTA  demonstrated  more  complete,  thicker  and 
less  irregular  dentin  bridges.  More  inflammatory  cytokines 
were  produced  using  calcium  hydroxide  and  the  inflammato- 
ry response  continued  up  to  3  months  in  some  cases  (12). 

Direct  Pulp  Capping 

A  direct  pulp  cap  is  "a  material  placed  on  a  mechani- 
cal or  traumatic  vital  pulp  exposure"  (13).  This  procedure  is 
indicated  on  carious  exposures,  mechanical  exposures,  and 
trauma  cases  if  the  pulp  does  not  demonstrate  signs  of  irre- 
versible pulpitis.  Since  successful  treatment  outcome  of  a 
direct  pulp  cap  is  dependent  upon  preserving  vital  pulp  tis- 
sue, evidence  of  apical  pathosis  and  subjective  symptoms  in- 
dicating irreversible  pulpitis  must  be  absent  in  radiographic 
and  clinical  findings.  Previously  restored  teeth,  and  those 
with  a  history  of  trauma,  have  a  lower  prognosis  (14). 

Instituting  a  specific  direct  pulp  capping  protocol  us- 
ing MTA,  Bogen,  et  al.  conducted  a  study  with  a  98%  suc- 
cess rate  over  a  9-year  follow-up.  This  included  100%  apex- 
ogenesis  of  immature  root  apices.  The  authors  excavated  ca- 
ries under  magnification  and  applied  sodium  hypochlorite  for 
hemorrhage  control  before  placing  MTA  1.5  -  3.0  mm  in 
thickness  on  the  exposed  pulp.  A  wet  cotton  pellet  was 
placed  over  the  MTA  and  the  tooth  was  temporarily  restored. 
Within  5  -  10  days,  tooth  vitality  was  tested,  MTA  set  con- 
firmed, and  the  tooth  was  permanently  restored  (15). 

Frequently,  MTA  is  the  material  of  choice  for  direct 
pulp  capping.  In  comparison  to  calcium  hydroxide,  studies 
show  that  MTA  provides  a  higher  success  rate  in  maintaining 
long-term  pulp  vitality  (16).  MTA  requires  a  moist  field  to 
set  versus  calcium  hydroxide,  which  requires  complete  dry- 
ness. Additionally,  dentin  bridge  formation  is  more  predicta- 
ble with  less  inflammation  occurring  in  the  pulp  (17). 

Indirect  Pulp  Capping 

An  indirect  pulp  cap  is  "a  procedure  in  which  a  ma- 
terial is  placed  on  a  thin  portion  of  remaining  carious  dentin 
that,  if  removed,  might  expose  the  pulp  in  immature  perma- 
nent teeth"  (13).  Criteria  important  in  the  success  of  an  indi- 
rect pulp  cap  include  teeth  with  a  pulpal  diagnosis  of  normal 
or  reversible  pulpitis,  absence  of  clinically  or  radiographical- 
ly  detectable  lesions  including  resorption,  absence  of  furca- 
tion radiolucencies,  complete  removal  of  caries  with  the  ex- 
ception of  a  small  amount  of  caries  overlying  the  pulp  and 


placement  of  a  restoration  to  seal  the  area  and  prevent  bac- 
terial recontamination  (18). 

Some  clinicians  use  a  one -visit  indirect  pulp  treat- 
ment (IPT).  During  IPT,  caries  are  excavated  without  expos- 
ing the  pulp;  infected  dentin  is  retained  and  lined  with  a  re- 
sin-modified glass  ionomer  followed  by  a  permanent  resin 
restoration  (19). 

Other  clinicians  promote  a  two-visit  "stepwise"  me- 
thod. In  this  approach,  carious  dentin  is  excavated  leaving 
soft  and  discolored  dentin  surrounding  the  pulp.  Calcium 
hydroxide  is  placed  followed  by  a  temporary  glass  ionomer 
restoration.  After  2-3  months,  the  glass  ionomer  is  removed 
leaving  hard,  yellow  or  gray  dentin.  After  applying  a  base  of 
calcium  hydroxide,  the  tooth  is  permanently  restored  with  a 
filled  resin  (20). 

In  comparing  one  and  two-visit  treatment,  the  ques- 
tion is  whether  the  remaining  caries  is  inactivated  or  if  the 
process  is  allowed  to  progress.  Significantly  less  bacterial 
growth  was  found  in  teeth  treated  over  two  visits  versus  those 
treated  in  one  visit.  The  infected  dentin  was  harder  and 
darker  indicating  arrested  caries  in  teeth  treated  in  two  visits 
(21).  Because  of  the  considerable  difference  in  color  and  the 
drier  texture  of  the  carious  dentin  in  the  stepwise  approach, 
the  chance  of  exposing  the  pulp  during  final  excavation  is 
decreased  (22). 

Conclusion 

Pulp  capping  procedures  have  become  more  predict- 
able negating  the  need  for  many  non-surgical  root  canal 
treatments  in  vital,  asymptomatic  teeth  with  normal  radio- 
graphic findings  and  limited  restorative  needs.  Current  re- 
search is  establishing  MTA  as  the  gold  standard  for  direct 
pulp  capping  procedures  of  primary  and  immature  permanent 
teeth.  The  MTA  is  conducive  to  use  in  moist  environments 
and  facilitates  rapid  and  expected  regular  dentin  bridging 
with  minimal  inflammation. 

Recent  studies  indicate  that  a  two-visit  "stepwise" 
indirect  pulp  capping  procedure  results  in  a  significant  reduc- 
tion in  viable  bacteria  with  an  increased  percentage  of  suc- 
cessful cases  when  compared  with  one- visit  IPT.  The  second 
step  also  enables  the  clinician  to  assess  the  effectiveness  of 
the  pulp  capping  material  and  remove  the  arrested  lesion  be- 
fore permanently  restoring  the  tooth. 
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